This work describes a pulsed Na atomic beam source developed for spectroscopic diagnosis of a high-power ion diode. The goal is to produce a -10'2-cm"-density Na atomic beam that can be injected into the diode acceleration gap to measure electric and magnetic fields from the Stark and Zeeman effects through laser-induced-fluorescence or absorption spectroscopy. A -10 ns fwhm, 1.06 pm, 0.6 J/cm2 laser incident through a glass slide heats a Na-bearing thin film, creating a plasma that generates a sodium vapor plume. A -1 psec fwhm dye laser beam tuned to 5890 8, is used for absorption measurement of the Na I resonant doublet by viewing parallel to the film surface. The dye laser light is coupled through a fiber to a spectrograph with a timeintegrated CCD camera. A two-dimensional mapping of the Na vapor density is obtained through absorption measurements at different spatial locations. Time-of-flight and Doppler broadening of the absorption with -0.1 8, spectral resolution indicate that the Na neutral vapor temperature is about 0.5 to 2 eV. Laser-induced-fluorescence from -1 x 10'2-cm-3 Na I 3s-3p lines observed with a streaked spectrograph provides a signal level sufficient for -0.06 A wavelength shift measurements in a mock-up of an ion diode experiment.
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the understanding of the ion current density attainable for a given species, the ion-beam divergence, and various diode electromagnetic instabilities. However, this " passive" spectroscopy which uses emission from naturally-occurring, low-density charge-exchange lithium neutral atoms, limits the mid-gap measurements to the time after lithium atoms travel from the anode across the gap. In addition, Doppler broadening of these energetic lithium neutrals mask the Zeeman splitting, preventing magnetic field measurements, and relativelysmall Li I 2s-2p Stark shift inhibits accurate electric field measurements below -2 MV/cm. These limitations can be overcome using an Active Spectroscopy Probe (ASP). This probe has three components: injection of an alkali neutral atom beam into the diode, excitation by dye laser tuned to resonance transitions, and observation of the fluorescence using 2-D space-and time-resolved spectroscopy. The localized excited neutrals provide a third spatial resolution dimension, the low Doppler broadening enables resolution of the individual Stark and Zeeman components, and the freedom to place desired atoms at specific locations enables measurements of both small and large fields throughout the experiment. This proposed method is similar to a technique that has already been demonstrated in a low-power electron beam diode. Note that the Stark-Zeeman pattern can also be observed with absorption spectroscopy.
Diagnosing the PBFA I1 ion diode requires an injected-neutral atom density in the range of 10l2 to 1013 cm" for good signal-to-noise ratio in -1 nsec from a -5 mm3 volume, since the photon collection efficiency is limited to 5 5 x by the diode geometry. These densities are too low to have significant ionization effects on the diode pulse timescale3 if the other contaminant neutrals, electrons, ions are not injected along with the sodium. This paper will address the density issue only and additional measurements are needed to study plasma and other neutral species generated. Sodium is chosen because its resonance lines can be readily probed with LIF (Laser-Induced-Fluorescence) or absorption and the Stark shift for the Na I 3s-3p lines is large enough to measure -0.5 MV/cm, but not so large that the neutrals would field ionize4. In addition, we don't want to use lithium since we want to be able to distinguish between gap neutrals and injected neutrals. Laser ablation production of neutral atom beam has been extensively developed for a variety of applications, including basic atomic physics, magnetic fusion, and electron beam diode re~earch~'~. Density measurements were carried out with timeof-flight laser-induced-fluorescenceg~'O. However, most of these previous works used in-situ deposited metals as a source and had no spatial information about the density distribution.
II. Experimental Apparatus and Results
A schematic of the experimental apparatus is shown in Figure 1 . A Nd:YAG laser producing 0.6-0.7 J/cm2, -10 ns fwhm pulse at h = 1.06 pm is used to irradiate a coated target from the rear side. The beam is expanded and passed through a beam homogenizer" to provide approximately f 10% intensity uniformity illumination on the target. The spot size on target is 6 x 6 mm. The target is a fused-silica glass slide with 700 8, thick vanadium film vacuumevaporated onto the front side, followed by a 1000-3000 8, thick NaF or NaAu film. NaF is easy to fabricate but the Na atoms may be accompanied by F atoms or NaF molecules. A NaAu alloy was therefore fabricated. The NaAu film is sputter-deposited on top of the vanadium thin film by a standard two inch diameter pure gold sputter target filled with three channels of resolidified pure sodium. The resultant NaAu thin film is a stable, consistent binary alloy due to the atomby-atom vapor phase sputter-deposition process'2. These NaAu targets have excellent cosmetics Figure 1 , is installed about 7 cm downstream from the target to reproduce the effect of the actual PBFA I1 anode on the neutral density. It is possible that the anode " wall" reflects neutral atoms and increases Na density. In addition, a 6 x 6 mm or a 2 x 2 cm aperture is installed -3 cm from the target to reduce the spread of the neutral beam. Figure 4 shows the Na neutral line-density versus delay time (measured with respect to the incident YAG laser pulse) for Na I at 5890 observed at 6 cm from the target. We are using the 5890 A line only because the smaller oscillator strength results in less absorption, providing more accurate measurements when absorption saturation is important. A 2 x 2 cm aperture and a copper plate are used. Comparison of the two targets (3000 A thick NaF and 1100 A thick NaAu) indicates that the relatively-low-density foot from the 3000 A thick NaF target travels faster than from NaAu, but the bulk (higher density) part travels at about the same speed. The approximate path length for absorption in this case is about 2-2.5 cm for the 2 cm aperture. Figure 5 shows the two-dimensional mapping of the neutral density distribution with the 2 cm aperture. Higher neutral line-densities are observed closer to the targets. In addition, neutrals propagate about two times faster perpendicular to the target surface than parallel to the target, and the neutrals produced by different thicknesses of NaF are comparable at the same time and same location. Figure 6 shows the distribution of the neutrals with the 6 mm aperture. Note that the delay time is longer (3.2 psec as compared to 2.7 psec as in Figure 5 ) to compensate for the reduction of neutrals due to the reduced aperture. With the 6 x 6 mm aperture, we could improve the density measurements by reducing the path length and mimic conditions in diode experiments where control spread of the injected neutral beam is needed.
Using the knowledge gained in the absorption measurements, an integrated test was done to demonstrate the feasibility of using this atomic source on an ion diode. Laser-inducedfluorescence was observed at 5-6 cm from the target with the 6 mm aperture, using 0.6 J/cm2 of Nd:YAG fluence. Figure 6 shows that a Na neutral of -1 x 10l2 cmm2 line-density (corresponding to roughly 1 x 10l2 cm-3 density for -1 cm path length) was present in the fluorescing volume. The collection optics was rotated about 30 degree from the dye laser beam path to avoid stray light from the beam. And the dye laser fluence was increased to -10 mJ/cm2
to ensure saturation of the transition. The Na I resonance-fluorescence doublet lines were recorded on film with the MCP-intensified streak spectrograph. Lineouts over 1 ns were taken from the digitized film and the spectra were fit as mentioned earlier. After correcting for image distortion, the sample variance of the Na I peaks about their mean wavelengths gave an estimated I-standard-deviation wavelength uncertainty of less than 0.06 A. is used the copper plate and a 6
thick NaF target at delay time 3.2 psec, x = 6.0 cm (0). 1000 A thick NaAu transverse position (cm) Figure 6 
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